Abstract 3-Isopropylnaphthalene-1,2-dione (1) was synthesized from 3-hydroxy-2-naphthoic acid (5) in 4 steps (59% overall yield). After conversion of 5 to its methyl ester derivative, the crucial steps of the synthesis were the treatment of the ester with 4 eq MeMgI and then Pd-C catalyzed hydrogenation to give 3-isopropylnaphthalen-2-ol (8). Oxidation of 8 with m-chloroperbenzoic acid gave 1 in good yield.
Introduction
3-Isopropylnaphthalene-1,2-dione (1) is found as a structural moiety in many natural products. For example, miltirone (2) 1 is a cytotoxic natural product and contains the 3-isopropylnaphtelene-1,2-dione moiety. Ulubelen et al. 2 reported that multiorthoquinone (3) and 2-demethylmultiorthoquinone (4), quinoid natural products, show very efficient anti-tuberculosis activity. Huang et al. 3 reported 1 itself and its derivatives to have remarkable cytotoxic activities against A549 and HCT-116 cell lines and to have inhibitory activity on Cdc25 phosphatases, key regulators of the cycle during normal eukaryotic cell division and mediators of the checkpoint response in cells with DNA damage. 
Figure
To date, there have been two reports on the synthesis of 1. The first synthesis of 1, based on Clemmensen reduction of 2-hydroxy-3-isopropyl-1,4-naphtoquinone, was performed by Fieser and Bader. 4 However, the 2-hydroxy-3-isopropyl-1,4-naphtoquinone is prepared by reduction of lapachol, followed by two step Hooker oxidation, and the overall yield is <12%. 5 The second synthesis of 1 was performed by Chang et al., 6 starting from 2-isopropylanisol in 9 steps and in ~ 7% overall yield. In this paper we describe a novel, concise, short, and very efficient synthesis of 1 starting from 3-hydroxy-2-naphthoic acid, a very cheap commercially available compound.
Results and Discussion
Our synthesis was based on a transformation of the carboxyl group of 5 to an isopropyl group to give 3-isopropylnaphthalen-2-ol (8) and then its oxidation to give 1. For this, first 3-hydroxy-2-naphthoic acid (5) was converted to the corresponding methyl ester 6 by refluxing in MeOH in the presence of p-TsOH in a yield of 92%. Lammer 7 reported the direct preparation of carbinol 7 from ester 6 by treatment with an excess of MeMgI. Following this procedure, ester 6 was reacted with 4 equivalents of MeMgI to give carbinol 7 in excellent yield (89%). Pd-C catalyzed hydrogenation of 7 gave 3-isopropylnaphthalen-2-ol (8) alkyl-2-naphthols to 3-alkyl-1,2-naphthalenediones based on oxidation with m-chloroperbenzoic acid. The application of this method to 3-isopropylnaphthalen-2-ol gave 3-isopropylnaphthalene-1,2-dione (1) in a yield of 74% (Scheme 1).
In summary, starting from 3-hydroxy-2-naphthoic acid, a very cheap commercially available compound, we developed an alternative and efficient method for the preparation of 3-isopropylnaphthalene-1,2-dione (1), a potent antitumor compound, in only 4 steps and in 59% overall yield. Further, the intermediary 3-isopropylnaphthalen-2-ol (8) should be a useful synthon for the preparation of biologically active naphthalene compounds.
iii) 
Methyl 3-hydroxy-2-naphthoate (6).
To a solution of 3-hydroxy-2-naphthoic acid (5) (5.00 g, 26.6 mmol) in dry MeOH (150 mL) was added 50 mg of p-TsOH. The resulting mixture was refluxed for 24 h. The solvent was removed under reduced pressure. The residue was dissolved in EtOAc (100 mL) and washed with saturated NaHCO 3 (10 mL), brine (10 mL), and water (10 mL). The organic layer was dried (MgSO 4 ) and the solvent was removed under reduced pressure to give ester 6 as a yellow solid (4.95 g, 92% 3-(2-Hydroxypropan-2-yl)naphthalen-2-ol (7) . A solution of ester 6 (3.03 g; 15.0 mmol) in THF (50 mL) was cooled to 0 °C and a solution of MeMgI in ether (3M, 20 mL; 60 mmol) was added dropwise under Ar atm. at the same temp. The resulting mixture was stirred for 12 h at r.t. The mixture was cooled to 0 °C and saturated NH 4 Cl solution (20 mL) added. The organic layer was extracted with EtOAc (3 x 35 mL). The solution was dried (MgSO 4 ) and the solvents was evaporated to give carbinol 7 as a crude product. Chromatography of the crude 7 on a silica gel column (90 g) eluting with EtOAc/hexane (1:4) gave pure 7 as a light yellow solid (2.69 g; 89% 3-Isopropylnaphthalene-1,2-dione (1) . To a solution of 8 (0.98 g; 5.26 mmol) in CH 2 Cl 2 (20 mL) was added m-chloroperbenzoic acid (3.54 g, 77%, 15.8 mmol) over 30 min at r.t. The reaction mixture was stirred for an additional 2 h and then poured into water (50 mL). The organic phase was extracted with CH 2 Cl 2 (2x25 mL), washed with 5% NaHCO 3 (50 mL) and brine (50 mL), and dried (MgSO 4 ). Evaporation of the solvent under reduced pressure gave 3-isopropylnaphthalene-1,2-dione (1) as a yellow solid (0.78 g; 74% 
